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TITLE: Interesting Foreign Electron Tube Techniques 
‘ey F. R. Michael and T, H. Briggs, Research Laboratories» 
Burroughs Corporation, Philadelphia. 

INTRODUCTION 

The data to be prestnted in this talk have been obtained from studies 
and analyses of foreign electron tubes produced during the past eight yearse 
The products of several countries and plants are involved as sources of this 
material, These represent tubes which are not normally available for com= 
parison by United States tube engineers. The work has been supported by con=- 
tracts fron the United States Government. It: purpose haa been to improve 
quality and reliability of tubes for military use. | 

A great deal of information has been accumulated; which it. is felt, should 
be made available to the American tube industry for their.own study and evaluation. 
We believe and sincerely hope that some of these findings wil] result in their 
incorporation into the procedures of our own industry. | 

Some years ago, when working in a tube plant, several of us had an opportunity | | 
to visit the phants of our neighboring colleagues and vendors. Upon our return, 
the plant manager asked what we had seen. Naturally we tended to point up the 
spots where our own plant was better than that of our competitors. We did not 
get very far with this for we were cut off short with the remark, "I don't want 
to hear where they are worse than we areo I want to know where they are better 
so that we may improve". That single remark had a tremendous influence upon 
all who heard it, and our subsequent trips consequently were of greater value 
to our parent organization. I would like te use this philosophy in today's 
talk. No one will dispute me when I say that our own tube industry is the 
largest and best in the world; but let us see what we can learn to our own. 


advantage from foreign tube practices» 


Approved For Release 1999/09/10 : CIA-RDP83-00423R001300450002-6 
. wae 1 cus : 


_ Approved For Release 1999/09/10 : CIA-RDP83-00423R001300450002-6 
_CPYRGHT | | 
| BACKGROUND 
The foreign tubes have bean compared with American tubes of the closest 
possible types. The analytical work has consisted of electrical testing, x-ray 
photographing, studies by use of plastic cross section, mechanical examinations 
and measurements as well as chemical analysis of materials. Taken individually, 


the data are of little significance. Taken collectively over a period of time 


and of space, the results can be extremely valuable and significant. 


‘It is our intent to present only those features in which we have confidence 
that the supporting data are sufficiently strong to provide a high degree of 
creditability. We hope our data will be challenging, and will stimulate further 
study. We slo not pretend to provide answers in detail. 

.First, it is necessary to consider as a background some of the conditions 
facing the foreign electron tube plants, In general the largest of their tube 
plants produces fewer tubes than many of the small or medium size domestic plants. 
While the number of tube types may not be as great as will be found in our own 
warehouses, the variety of tube families is greater. 

Second, the advantages of ample financial budgets to provide automatic equip- 
ment are taken for granted in this country. Production of electron tubes requires 
a variety of highly specialized materials with exceptional control of quality and 
uniformity. Our large volume usage permits the economic production. of much of 
this material. In European countries where the quantities of materials required 
are smaller, the economic incentive to the vendor companies is lacking. Further, 
there are the difficulties of language and national boundaries to be overcome. 

Those of you who make tubes can readily imagine the added difficulties 
which you would daily face should these problems be added to your own. 

Mr. Michael and I have spent many years in making radio tubes. We are 


familiar with the difficulties. We have experienced the problems of attempting . 


Kpproved 
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to adopt for procudtion in our own plant the process material or design which 
has worked satisfactorily in a neighboring plant. So we can acknowledge at 

the start that many of the points of interest which we will discuss in the fore 
eign tubes can be transposed for domestic use only with difficulty or with major 
adaptation to our localized practices. | 

Two major requirements are placed upon electron tubes, mechanical quality 
and electrical reliability. The mechanical quality, the resistance to shock 
and vibration, is a function of tube design and the ease with which operators 
can assemble the parts. The electrical reliabilities which are desired by cus~ 
tomers are essentially those of uniformity of initial characteristics and long 
trouble-free electrical life. Basically life is dependent upon a low rate of 
barium evaporation, a low gas content and a slow rate of interface impedance 
build-up on the cathode. In both cases the severity of the tube application 
conditions are of great importance, not excluding, of course, the environments 
surrounding the tubes. It is quite probable that the applications demanded of 
tubes in the United States, particularly those of military equipments and large 
screen television receivers, are somewhat more severe than the average raquire= 
ments placed on tubes abroad. 

With these conditions in our minds, we have selected several features from 
the foreign tubes which we believe are of interest to the American tube engineers, 
and are worthy of further investigation and adoption to use in our own designs. 
HEA TERS 

Slide No. 1 shows methods used overseas for insuring tight welds between 
the heater wire and stem leads, ‘The first is the well-known tubular connector 
which is expensive and has been used to some extent on premium grade tubes in 


this country, The second method is shown by the drawing of a recent and more 


simple mechanical method for swaging the foreign tungsten heater wire in the 
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nickel stem leads. This is the one that should appeal in particular to higher 


production tube types. Apparently a special tool or plier is employed. 

One of the reasons for heater failure is the so-called “lighthouse” effect, 
wherein the relatively thinnly coated or bare heater wire over~heats when voltage 
jis first applied. One company has painted a black iron oxide paste upon the 
heater-to~stem wire junction. This not only provides increased mass, but im- 
proves the thermal-radiation to avoid local over heating and consequent burn-out 
of the resistance wire. 

The other two drawings are the conventional US embedded weld and the J-bending 
of the stem wires which is now being used in certain reliable tubese 

Slide No, 2 illustrates various forms of heater construction. The folded wire 
and the reverse coil are normally used in this country. The V-shaped single coil 

_is being used more and more extensively in certain tube plants abroade It is be- 

- ‘Lieved that one of the reasons is that these coils can be wound with less complex 
maghines and with less severe requirements placed upon the quality of the tungsten 
and tungsten alloy heater wire. It is also possible to design a variable pitch 
for this coil which will provide greater temperature uniformity along the length — 
of the cathode sleeve. Variable pitch heaters are used in a wide variety of tubes 
from close spaced rectifiers through the RF and power output pentodese We have 
found that European engineers do not adopt techniques unless they are wall jus- 
tified both scientifically and economically. There is ample evidence that our 
own tubes would be improved through greater uniformity of cathode temperature. 


MOUNT STRUCTURE 


Slide No. 3 shows a photograph of a domestic 6SK7GT tube and its foreign 


equivalent, Note particularly the shorter base shell and the shorter overall 
height for the foreign tube. These two tubes have the same type designation 


and electrical ratings. They are completely interchangeables — 
as 5 = 
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Slide No. | shows the same tubes with the bulb removed. Slide No. 5 shows 
them in x-ray views. Note that the foreign mount is supported by thin dumet 
lead wires which are annealed and quite weak in comparison with the one millie 
meter diameter nickel wires used in this country for mount support. The borate 
coating apparently is removed by sand blasting prior to welding. The shorter 
mount height is possible by elimination of the pinch type of stem press. Where 
the getter is at the top of the mount, a larger bulb volume is permitted for 
getter flashing and there is freedom from reflected getter material upon the in- 


sulating mica spacers. 


Slide No. 6 shows somewhat more clearly the floating type of mount structure 


by an idealized drawing. An excellent permanent spring for centering the mount 
in the bulb and cushioning it against shock and vibration is provided by the 
"ox-bow" tungsten wire of twelve thousandths of an inch diameter. This frequently 
permits the mica spacer to be smaller in area and thus conserves the strategic 
mica material which is extremely scarce in Europe. Tests are in progress to 
determine whether or not this floating structure with the small diameter annealed 
lead wires yields a better shock resistance than the standard American receiving 
tubes.» 

A method of crimping the spring wires to the mount structure has been well 
standardized for a wide variety of tube types. There is a definite advantage 
in comparison with the pointed mica contacts with the bulb in that during con- 
tinued vibration there is no disintergration of the mica into powder which can 
result in gases which poison the cathode emission. 
CERAMIC SPACERS 

Slide No. 7 illustrates dramatically the use of ceramic spacers to replace 
mica in receiving tubes. So far, this has been seen in rectifiers, triodes and 
tetrode types. Obviously, it will be more difficult to adapt to pentodes and 


to penta-grid converters. Development work on the use of ceramics in place of 
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mica ie probably continuing at a high priority jewcol. This sketch shows that 


the ceramic is indented at the eathode hole sv that there is a minimum amount 
of fhavidl=eteduatien from the sléeve, One of the best waye in which the ceramic 
can be used ie in conjunction with the German “pointed-end" cathode. 
CATHODES 
| Slide Nos 8 shows in an enlarged view of the pointed-end cathode which 
is obtained by swaging @ conventional seamless round nickel sleeve. Also shown 
is the method for adapting to ceramic spacers. Automatic machines are available 
in Europe for swaging the cathode end. Frequently two additional lugs are welded 
or cut from the bottom of the cathode sleeve so that the tubing itself does not 
touch the bottom insulator. This still further reduces thermal=-conduction heat 
loses. . 
ANODES | 
Slide No. 9 shows a photograph of a standard aluminized iron or P2 plate 
material in contrast with an equivalent plate of sarbonized nickel as produced 
in this country. For many years even the sivosntee we the P2 plate material felt 
that close spaced rectifiers could not be made with this material. However, 
apparently means have now been found. As a result, aluminized iron is now the 
standard anode material in at least one tube plant or in one country which pro- 
duces a fairly large quantity of good quality tubes» There is apparent agree= 
ment in both this country and abroad that a single steel works in the. Rulr 
supplies the best quality aluminized iron strip. Through standardization of 
the P2 anode stock, it has been possible for so6d processing controls to he 
placed upon the conversion process during exhaust, 30 that the degree of darken- 
ing ia extremely uniform. _ 
Figure 10 shows sketches of some recently standardized plate designs. They 
permit simple die and production equipment. Note thet inspection slots have been 
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placed in both shields, plates, and beam confining plates so that operators may 
cheek their ‘WT with greater aurety and adjustment may be made for alignment of. 


‘the | Now. 1 and 2 grids during assembly. This slide also shows an Improved plate. 


lug designe This lug has an under-cutting adjacent | to the shoulders. Thus the. 


- lag starts to twist below the mica, This insures a more secure lock since the 
edgss of the lug bite into the mica and a larger degree of twisting above the 
mica is also possible. One feature which makes these lugs so effective is tha 
very narrow slots available in the foreign micas, It is guste eommon in a mica 
as thick as .010 to .015" to have the width of the slots as small as .012". 
fwo reagons may exist for these improved mica slots, First, a slower punching 


- tachnique is probably used. Second, the mica which is available appears to be 


extremely well bonded. Our testa indicate that the mica is more closely laminatef 
than the Brazilian material generally available in this country. 

GRIDS 

‘Slide No. 11 concerns grid structures. Welded grids are used abroad with 

great regularity. This requires that the wire and supporting rod materiale have 
‘gompatible welding characteristics. Nickel plated or clad copper rods are fre- 
quently used. We believe that this has an advantage since the nickel provides 

a stiffening sleeve which lends greater strength then for a wire of equivalent 


weight. The copper does not interfere with the welding, but dees provide the 


greatest mass for maximm conductivity of heat away from the fine grid wire 


turns o 

Rectangular grid side rods are sometimes used to advantage in producing 
grids with a narrow minor axis. Another technique is the use ef a very fine 
piteh for the end grid turns. This is sometimes used in this country, but is 
mach more prominent abroad, A band of nickel ribbon may also be welded around 


the ends of the grids to assist in retaining shape and improve the cut-off char- 


iat Yi 
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acteristics. Pushed end grid turns and consequent short circuits are thareby 


reduced considerabl yo 
MICA SPRAY 
Slide Noo 12 indicates by photographic ‘comparison the. mica Spraye used 

in one or more foreign countries in contrast with a conventional thin spray 

wed here. Note that the foreign coating is axtremely white, is free from dis- 
coloration around the cathode sleeve hole, Scratch tests show that it is ex- 
tremely well adhered. We believe this is probably one of the most important 
developments which has been found in the analysis of foreign tubes o To the 

best of our knowledge the spray is the standard magnesia powder with a nitro= 
cellulose binder added to it. 

TUBE PROCESSING 

After initial processing of tubes, it is normal to find not only conducting 

deposits upon the mica sprays but also bacium oxide or barium films anon the grid 
wires and upon the insides of the plates and shields. These films have been studied, 
and the consensus is that they are broken down under electron bombardment and ean 
then become dangerous to cathode life, From experience on the ASTM standard diode 
‘on laboratory exhaust systems, we know that it is extremely difficult to eesase 
this original film deposit. However, analysis of the tubes from several foreign 
countries indicates that conventionally they do not have such films on micas » 
grids, or plate surfaces. We do not believe that their exhaust procedures are 

any better than ours or that their pumps produce a better vacuum. Our informa- 
tion on this type of cathode coating indicates that it is very similar to our own 
and certainly the materials used in the electrodes of the tubes are not dissimilar 
from sae own, We eannot suggest means for reducing or eliminating this coating 
which is known to be harmful, but we can suggest that it is possible and that 


indeed it has been possible to eliminate such films from production tubes. This 
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4s a chaklenga' I fear and not a very great assistance to you at present. 
‘a solution is found, then tubes should have greater electrical reliability. 
“XLECTRODE_SPAOLNGS 


Sa ee anememaatia 


One of the larger tube plants abroad has teken great pains to bring out the 

- equivalents of the standard Amarican GT types of radio tubea , meeting Anorisan | 
aLectrical specifications. . | a 

| Slide Noo 13 shows plastic cross section views of a foreign and U.S. type 

‘6kQ7 tubes “The foreign cathode cross section has greater strength against bowlnge 
the grid shape is more rugged and is such that expansion due to heating will ie 
erease grid-cathode spacing. These design parameters have permitted use of closer 
grid-cathode spacing in the foreign samples than in the U.S. samples. 

However, dimensions and spacings on a large number of tubes, produced over 

a period of several years, indicates a specific trend to larger grid-cathode 
spacings in foreign tubes than in U.S. tubes. 

Slide No. 1) presents in tabular fashion data on cathode, control, and soreen 
grid dimensions of a series of tubes from several plants. Note that in the sathode 
to control grid spacings, it has frequently been possible for the foreign designs 
to achieve 10 to 100% larger spacing and yet maintain the same electrical char= 
acteristics. This, we maintain, is a major contribution to improved tube reli- 
ability. | | 

Slide No. 15 is a graph of UeSeAo versus foreign cathode to control grid 

_ spacings for a variety of tubes. Should these spacings have been the same, all 
the points would have lain along the 5 degree lins. The tendency for the points 
to lie above the line is graphical evidence that a general policy seems to exiet 


of having the largest possible cathode to GL spacingso 


We would cite the use of thorium getters, both as paste on the screen grid 


which are flashed during aging as well as pellets in the retainers which are 
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Appro 
flashed during exhaust. We vould cite the extensive ise” of cataphoretic coatings, 
both to conserve materials as well as to obtain unstorm deposits on heaters, 
cathodes, grids, ani plates. ‘Ihe latter, of course, ‘or transmitting tubes. 
FOW!EH OUTPUT PENTODIE 

Slide No. 16 concerns a power output pertode designated originally by 


Selefunken as the LSsO. This tube fills the ga) in power output between the 


GL6, rated at 20 watts, and the small 100 watt transmitting tubes. The photo~ 


graphic view well illustrates the Telefunken wartime structure. It is compact, 
sturdy and the metallic end cap helps to provide heat dissipation. The x-ray 
wiew shows that the mount is closely attached to the strong button type stem 
Leads» 

Slide No. 17 provides tabular information on the electrical ratings of the 
6L6 and the related 5881 and 807 American tubes in contrast to an improved version 
ot the Telefunken LSSO tube which is still in popular and growing demand abroad. 
MULE T-SHCTION TUBES 

Wigure 18 sketches an unique mica design applicable for triode, double diode 
tubes, such as the 6Q7. Conventional!y in the US, the bottom triode mica has 
an enlarged cathode hole which permits the coated portions of the sleeve to pass 
through without damage. Then, to secure the cathode in axial alignment, three 
vertical embosses are formed near the mid=point =: the lock-seam cathode o These 
embosses are difficult to produce and maintain within narrow control limits. 

Foreign tubes, normally employing seamless cathodes, cannot employ vertical 
embosses. Often the cathode hole has had three mica figures extending inwardly 
which position the sleeve but scratch the cathode coating for the diode section. 

A recent innovation has been seen, as sketched in fig. 18 c. The bottom 
triode mica has a sturdy flap created by an elongated, tear-shaped grid hole, 


and a lanced slot penetrating from the plate lug and peripheral indent. When 


me BG ue 
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XVII. | POWER OUEPUT PENTODE ELECTRICAL CHARACTERISTICS 


Ee Ip 2E, 2eE te weP, 225 - ae 
Velts ac Amp ac volts dc VolfS dc ta a8 Wat 3 Volts de. ma de 


6.3 0.900 -30.0 270 7.0 2.5. ° 360 80.0 
6.3 0.900 ~35.0 400 BLO 3.0 1,00 80.0 © 


6:3 0,900 ~45.0 300 10.0 3.0 750 - 125.0 


12.6 0,700 -120.0 300 20.0 5.0 1000 s« 230.0 


* Class "C" Operation 
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18a. CONVENTIONAL (8b. POOR COMPROMISE 1@c. RECENT FOREIGN 
U.S. CATHODE AND DESIGN FOR PLAIN DESIGN FOR EASY 
BOTTOM TRIODE SEAMLESS CATHODE. INSERTION OF PLAIN 
MICA, COATED CATHODE INTO 
BOTTOM TRIODE MICA. 


18. INSERTION 
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Approved 
the flap ig slightly raised, as 


central soction of the cathode may readily be slipped into the cathode hole 
by tilting at an angle. With the flap released and the cathode vertical to 
the mica, there is a firm contact, and the sleove is centored with respect to 
the grid and plate which have been added later, The flap is retained in the 
plane of the mica by bending an ear from the plate barrel under the mica. 

This structure appears to be rapid for assembly, accurate for centering, 
and avoids difficult cathode production and control problems. 
PILAMANTARY MINIATURE TUBES 

When miniature tubes with fine filaments such as 1Ty, 384, are assembled, 
there is difficulty threading the bottom connector through the grid structure 
and welding it accurately to the stem lead. Further, there may be relative 
motion between mount cage and stem, caused either during bulb sealing, or 
during shock and vibration. In either case the filament Locationing and 
tensioning can be deteriorated. 


‘A group of foreign filamentary miniature tubes has been seen recently 


wherein the filament is mounted as an integral part of the cage assembly, ‘This 


‘ds shown in fig. 19, 

The structure employs a U-shaped stamping which locks tightly into the 
bottom mica by four lugs. These fold over flush with the top of this mica, 

After the cage 1s completely assembled the filament is threaded through 
the mica triangular holes and the control grid. The top anchor coiled spring 
1s welded to the proper support, such as the #3 grid rod. It is positioned by 
bending the flattened attachment tubing so that the filament top tab is about 
l=2 mm above its final desired position. 

A three gram weight is attached to the bottom filament connector. This 
hangs fire and thereby provides a uniform and controlled tension to the top 
anchor and filanent. The bottom filament tab 1s welded to the bottom anchor 


stamping. Thue the 3 gram spring tensioning is retained. Excess. length of 
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the tab is cut off. Final adjustments of all cage parts and filament position= 
ing is they readily accomplished with the cage unencumbered by the button stem. 

The last operation is to weld the inner stem leads to appropriate electrode 
WLYES « Deformation of the filament location should be relatively impossible. 

Obviously similar designs might be incorporated into other filamentary 
tubes, or into cathode types having close working spaces, or rigorous require- 
ments for heater location. 
GENERAL 

Metallized sprays on the glass bulbs are common in European tubes. Where 
heat radiation is required, a carbon under—coat precedes the aluminum paint spray 
On top of the aluminum, a lacquer is normally applied. The adherence of these 
coatings is tenacious. The electrical resistance is of the order of a few ohms, 
when application is done properly. Grounding contacts are obtained by wrapping 
a copper wire around the top of a base shell and soldering it electrically into 
the cathode base pin. The conducting metallized Sprays embed the copper close 
to the bulb. The formulae for the foreign coatings of high adherence quality 
are available from our files, 
CONCLUSIONS 

Our colleagues in foreign tube plants exhibit a large degree of engineering 
skill. Remembering that they are faced with economic conditions far inferior to 
our own, recognizing that their material situation is far from satisfactory and 
believing that their equipment requires excessive inexpensive manual labor, we 
are forced to admit that they have produced exceedingly well, It is quite prob- 
able that the overall quality of our domestic tubes exceeds that of the foreign 
tubes; however, we do suggest that some good features exist in these foreign 


tubes which might be incorporated to the further advantage of our ow tubes, 


particularly those produced in small quantities and requiring the maximum of 


electrical and mechanical reliability. 
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ube structures embedded in plastic 
have been made possible by techniques recently developed at the Philadelphia 
Research Center of Burroughs Corporation (formerly Burroughs Adding Machine 
Company). 

The total effect of several drawings and cross sections is 
achieved in a single method of presentation that has proved most satis— 
factory where close~spaced, complex structures are involved. 

Cross~sectional wedges of tubes embedded in plastic are cut at angles 
to the tube axis that are determined by the structural characteristics 
involved and the photographic effects to be achieved. These wedges are 
a distinct analysis and evaluation of the tube in one method of sample 
preparation. 

The first cross sections made at Burroughs were cut perpendicular 
to the axis of the tube. Difficulties in photographic lighting were 


encountered which severely limited the value of the sarple. Both thick 


and thin sections were cut (Fig. I). Sections that were thick enough to 


give a sense of tube depth were too pifficult to illuminate internally. 
Thin sections were no better than a mechanical drawing. 


A wedge~shaped section was next tried (Fig. II) in which 
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FIGURE II 
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ADDrOV 


one surface was cui ab an angle of 45 degrees to the tube axis, and the 


other surface was cut at 90 degrees to the tube axis. Certain advantayes 
ware inmediately noted: internal lighting was improved, and the inter= 
sections of grid mesh wires with the hs degree plane gave a dotted, elongated 
contour of each grid that was fully photogenic. The possibility of taking 
dimensions that could now be measured on the surface of the plastic section 
was enhanced. By using an Epoxy type resin, such as Minnesota Mining and 
Engineering Casting Resin #2, shrinkage is held to less than 1%; with 
reasonable care in encapsulating, cutting and polishing, accuracy well 
within tube tolerances can be obtained. ‘These Epoxy resins are amber 
colored, however; for photographic purposes, the clear Folyester type 
resin is preferred. This resin, such as Castolite, shrinks as much as 
20% of its volume, and so cannot be used for reliable measurements. 
‘Measurements taken from properly prepared samples can easily 


be converted to significant design ratios to be used as a basis for com- 


parison between tube types, or the same type from different manufacturers. 


It is expected that the number of samples examined for a single comparison 
will properly reflect the significance to be attached to the results. 
The number of samples required may be reduced by selecting tubes by their 
electrical characteristics. 

Internal illumination of the tube elements in the thicker part 
of the wedge was still unsatisfactory. It was then determined to cut the 
bottom plane B of the wedge at an angle to the tube axis as well as the 
top plane A. Some weird results were obtained. If the bottom plane is 


too steep, the grid turns are cut both hefore and behind, leaving unattached 


ac ar 
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grid wires suspended in the plastic and presenting a very odd impression 
of an electron tube. A method of determining 4 -= the angle at which 


plane A is to be cut -~ and & = the angle at which plane B is to be cut -~ 


was nesded. The following formula is based on assumptions found to be 


essential for best results. 


In Figure IITs 


tam = (hy + hg) /My 


tan (P= (Ho/(Wh, + Wo) 
Experience gained from many trials indicated that 
Assuming equality, 


W, tane = (Wy & Wy) tan & 
tang aW, tary /(Wy + Wo) 


H, = N/T = Wp tan 
giving 


In multi-grid tubes, N and T must apply to the same grid. For wide—pitched 


grids, N 5 turnea; and for cloge pitched grids, N 25 turns seemed best. 


In Figure IV the layout. for photographing the wedge is shown. 


Note that reflected light is necessary to bring out the tiny grid wire 


ee 
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intersections at the surface of the plastic. The angular-cut planes allow 


the illumination of the internal tube elements in a stepped fashion so 
that the anode, for instance, does not throw a shadow over the rest of 
the internal structure. 

The obtuse wedge, properly cut, offers three definite advantages 
over the usual, cross sections cut perpendicular to the tube axiss 

1. Design ratios are easily measured on the surface of the 
Plastic, giving concrete bases for comparison (Figo V). These ratios could be: 

as Gy to Gy pitch. 

be Grid pitch to grid Spacing from the cathode, 

C. Grid wire diameter to pitch or spacing (Fig. VI). 
do Grid wire diameter to minor axial Length. 

®e Spacings of the various electrodes. 

2. Deformation and misalignment of the tube elements and their effects 
on tube operation are more easily seen. Note the heater position in the 
Cathode sleeve of Fig. VI. Fige VII shows the 7AK7 screen grid side rods 
pushed off center, ‘The grid turns in this tube are intentionally well 
aligned to hold down screen dissipation. The intersections of the grid 
turns in the plastic show both this alignment and the G, to Gp spacing effact 
of the pushed side rods. 

3e An improved concept of the tube structure is obtained through 
better illumination of internal tube elements, giving a sense of depth to 
photographs. Examination of the Sample is enhanced since the tube structure 


can be seen in greater detail. (Fig. VIII). 
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FIGURE VI 
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FIGURE VII FIGURE VIII 
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This paper was presented at the National 
Conference on Tube Techniques, October 135 
1953, in New York City by F. R. Michael 
of Burroughs Research Center, Phila., Pa. 
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